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Farm Drainage: Its Maintenance 
and Construction 
By E. W. LEHMA IN and T. A . PITZEN I 
DRAINAGE STRUCTURES in Illinois, public and private, represent an investment of around 1SO million dollars.2 On the · maintenance of these structures depends the productivity 
o.f some of the best prairie and river valley farms in Illinois. Indeed 
from more than a third of the farm lands in the state excess water 
must be artificially drained if the best conditions for farming are to be 
provided. 
Too often expensive drainage systems are built and then left with­
out any provision for their regular and thoro repair. By the time a 
wet season comes the ditches have become congested with brush or 
silt, the tile are buried in the ground, underdrainage does not function 
when it is most needed, and fields are flooded. 
Fig. 1.- Many tile drains in Illinois today are almost useless 
Only about one-fourth of the area of this lO-inch tile was found free 
for water drainage. Silt occupied the rest. This example from Pike county 
is typical of what would be found in many farm tile today if they were 
examined. 
IE. W. LEHMANN, Chief in Agricultural Engineering, and T. A. PITZEN, 
formerly Extension Specialist in Agricultural Engineering. 
2Approximately half this amount has been paid for public drainage 
enterprises, including open ditches, drain tile, levees, and pumping stations. 
In 1930 there were 1,860 organized drainage districts in Illinois, taking the 
water from a total of more than 5,700,000 acres (U. S. Census for 1930). 
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A  M A J O R  P R O B L E M  
T h e  m a i n t e n a n c e  o f  d r a i n a g e  i m p r o v e m e n t s  i s  o n e  o f  t h e  m a j o r  
p r o b l e m s  i n  m a n y  I l l i n o i s  f a r m  a r e a s  t o d a y .  D u r i n g  t h e  p a s t  f e w  
y e a r s  f a r m e r s  h a v e  h a d  a n  i n c r e a s i n g  a m o u n t  o f  t r o u b l e  w i t h  w e t  s p o t s  
o n  t h e i r  l a n d s .  F i e l d s  t h a t  o n c e  w e r e  d r y  a n d  p r o d u c t i v e  a r e  s o g g y  
a n d  i t  i s  d i f f i c u l t  t o  u s e  m o d e r n  f a r m  m a c h i n e r y  o n  t h e m .  
T h e s e  w e t  s p o t s  c a n  u s u a l l y  b e  t r a c e d  t o  b a d l y  c o n s t r u c t e d  d r a i n s  
o r  d i t c h e s  o r  t o  t h e i r  n e g l e c t ,  f o r  d r a i n a g e  s t r u c t u r e s  m u s t  b e  s y s ­
t e m a t i c a l l y  i n s p e c t e d  a n d  m a i n t a i n e d  i f  t h e y  a r e  t o  d o  t h e  w o r k  f o r  
w h i c h  t h e y  w e r e  b u i l t .  T h e r e  m u s t  b e  u n o b s t r u c t e d  f l o w  o f  w a t e r  f r o m  
t i l e  l a t e r a l s  i n t o  t h e  f a r m  m a i n ;  t h e n c e  i n t o  t h e  d i s t r i c t  m a i n ,  a n d  t h e n  
i n t o  a  s m a l l  n a t u r a l  s t r e a m .  T h i s  c a n n o t  h a p p e n  i f  o p e n  d i t c h e s  a r e  
a l l o w e d  t o  b e c o m e  o v e r g r o w n  w i t h  t r e e s ,  b r u s h ,  a n d  w e e d s ;  i f  t i l e  
o u t l e t s  a r e  s u b m e r g e d  b y  s i l t ;  i f  d e f e c t i v e  h e a d w a l l s  l e t  t i l e  w a s h  o u t ;  
o r  i f  t h e  t i l e  l i n e s  a r e  a l l o w e d  t o  b e c o m e  c l o g g e d  w i t h  s i l t .  
O w n e r s  o f  f a r m  l a n d s  c a n n o t  a f f o r d  t o  l e t  t h e s e  c o n d i t i o n s  d e v e l o p ,  
n o r  t o  l e t  t h e m  c o n t i n u e  w h e r e  t h e y  h a v e  a l r e a d y  d e v e l o p e d .  
F i g .  2 . - A r t i f i c i a l  d r a i n a g e  i s  n e e d e d  o n  m o r e  t h a n  
o n e - t h i r d  o f  I l l i n o i s  f a r m  l a n d s  
T h e  t h r e e  n a t u r a l  w a y s  i n  w h i c h  w a t e r  l e a v e s  t h e  u p p e r  s o i l  s t r a t a ­
e v a p o r a t i o n  b y  t h e  s u n  a n d  w i n d ,  t r a n s p i r a t i o n  b y  p l a n t s ,  p e r c o l a t i o n  i n t o  
t h e  l o w e r  s o i l  s t r a t a - a r e  n o t  s u f f i c i e n t  t o  l o w e r  t h e  w a t e r  t a b l e  t o  t h e  b e s t  
l e v e l  f o r  p l a n t  g r o w t h  o n  m a n y  I l l i n o i s  f a r m  l a n d s .  
5 FARM DRAIN AGE: ITs MAINTENANCE AND CONSTRUCTION 
MAINTENANCE OF OPEN CHANNELS 

Removing Brush and Debris 

Once or even twice a year is not too often to clear trees and brush 
and other debris from open drainage ditches. This is much more 
economical of labor and money than letting longer periods elapse, and 
thus giving trees and brush a chance to become larger and denser, 
choking the channel and slowing down water movement. With retarded 
water flow, silting takes place, filling in the ditch and submerging tile 
outlets. Flow measurements taken on a ditch near Urbana, Illinois, 
indicated that the capacity of some ditches could be trebled by merely 
clearing the trees. 1 
Mowing machines, scythes, brush hooks, and axes are the tools 
commonly used for doing this job. Some drainage districts, how­
ever, have solved their maintenance problems by encouraging farmers 
to fence the ditches and pasture the~ with cattle and sheep. Under this 
arrangement the stock must be kept away from the ditch in the 
spring and at other times when the banks are soft and likely to cave. 
Of course a ditch that has been cut into unstable soil, such as peat, 
should not usually be pastured. 
The larger drainage districts might well hire a man to patrol their 
ditches during the winter and spring months and cut away brush, 
remove obstructions that have lodged in the channel, and make minor 
repairs. Such a worker could also inspect tile outlets and report to the 
commissioners any that had washed and also keep the commissioners 
informed of the general condition of the ditch. 
Deciding Method of Ditch Maintenance 
The method to be used in cleaning out any drainage ditch should 
be carefully thought out beforehand and careful plans made for its 
execution. The following matters should be considered: 
Amount of earth to be excavated 
Size of the ditch 
Location of work in relation to the transportation facilities 
Type of soil, etc. 
The yardage to be excavated may be too small to justify securing 
a dragline, especially if it must be transported from a considerable 
distance. Teams and scrapers may be more economical, or tractor, or 
IPickels, G. W. Run-off Investigations in Central Illinois. Ill. Eng. Exp. 
Sta. Bul. 232, 1931. 
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d y n a m i t e ,  o r  i t  m a y  b e  t h a t  t h e  d i t c h  w i l l  n o t  l e n d  i t s e l f  t o  e i t h e r  
d y n a m i t e  o r  l i g h t  e q u i p m e n t ,  a n d  a  d r a g l i n e  m u s t  b e  u s e d .  
I f  a  d r a g l i n e  e x c a v a t o r  i s  u s e d  i n  c l e a n i n g  o u t  a n  o l d  d i t c h ,  t h e  
e x c a v a t o r  m u s t  u s u a l l y  b e  o p e r a t e d  a l o n g  o n e  b a n k .  I n  p l a n n i n g  s u c h  
w o r k ,  c o n s i d e r a t i o n  m u s t  b e  g i v e n  t o  t h e  n u m b e r  o f  l a t e r a l  d i t c h e s  
w h i c h  t h e  m a c h i n e  w i l l  h a v e  t o  c r o s s ,  t h e  a m o u n t  o f  f e n c e  t o  b e  
m o v e d ,  t h e  a m o u n t  o f  o l d  s p o i l b a n k  l e v e l i n g  n e c e s s a r y  t o  m a k e  a  
r o a d w a y  f o r  t h e  m a c h i n e ,  a n d  a c c e s s i b i l i t y  t o  f u e l  a n d  s u p p l i e s .  
R e m o v i n g  S i l t  W i t h  T e a m s  a n d  S c r a p e r s  
I n  s o m e  s e c t i o n s  o f  I l l i n o i s  t e a m s  a n d  s c r a p e r s  a r e  u s e d  t o  r e m o v e  
s i l t  d e p o s i t s  f r o m  d r a i n a g e  d i t c h e s .  T h i s  i s  a  g o o d  m e t h o d  w h e r e  t h e  
c h a n n e l s  a r e  n o t  m o r e  t h a n  5  o r  6  f e e t  d e e p ,  a r e  1  t o  3  f e e t  w i d e  
i n  t h e  b o t t o m ,  a n d  h a v e  s i d e  s l o p e s  v a r y i n g  f r o m  1 :  1  t o  1 Y 2  : 1  ( a  
v e r t i c a l  d r o p  o f  1  f o o t  i n  e v e r y  1  o r  1 Y 2  f e e t  o f  h o r i z o n t a l  m e a s u r e ­
m e n t ) .  S i n c e  ' s l o p e s  l i k e  t h i s  a r e  t o o  s t e e p  f o r  t e a m s  t o  c l i m b ,  a  s e c ­
t i o n  o f  c h a i n  i s  u s e d  t o  c o n n e c t  t h e  t e a m  a n d  s c r a p e r ,  a n d  t h e  t e a m  
t h e n  d o e s  t h e  p u l l i n g  f r o m  t h e  l e v e l  g r o u n d  a t  t h e  t o p  o f  t h e  d i t c h .  
F i g .  3 . - C l e a n i n g  a  d i t c h  w i t h  t e a m  a n d  s c r a p e r  
O n  s m a l l  j o b s  w h e r e  t h e  c h a n n e l s  a r e  s h a l l o w  a n d  h a v e  s l o p i n g  s i d e s ,  
t h i s  i s  a  g o o d  m e t h o d .  T h e  t e a m  d o e s  t h e  p u l l i n g  f r o m  t h e  l e v e l  g r o u n d  
a t  t h e  t o p  o f  t h e  d i t c h .  
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An outfit of this kind is shown in Fig. 3. Besides team and scraper, 
four men are usually required: a driver; a man to dump the loaded 
scraper, to right it again and push it down the slope so that the men in 
the ditch can reach it; and two men in the ditch to load the scraper. 
Such an outfit can remove about 30 to 35 cubic yards of silt in an 
8-hour day, at a cost of about 35 to 40 cents a cubic yard. 
A more economical plan is to use three teams, three drivers, two 
dump men, and two loaders in the ditch. This size of crew can haul 
out about 75 to 90 cubic yards of silt per 8-hour day, at a cost of about 
30 to 35 cents a cubic yard. 
Sometimes a plow is needed to loosen material that is very com­
pact. Where this is necessary, less yardage will be removed in a day 
and the cost will be increased by 10 to 15 percent. 
Heavy machinery is usually more economical than teams and 
scrapers, but on a small job the cost of moving heavy machinery to the 
site where it is needed may offset the savings made by the lower cost 
of actual excavation. 
Tractor Excavating 
Several methods have been devised for cleaning small ditches 
with tractors. In the two most commonly used methods, the scraper is 
hitched directly to the tractor, or the tractor is equipped with a winch. 
There are many variations of these two methods. In both, when 
possible, a single furrow is first plowed in the ditch bottom on the side 
away from the tractor. This furrow enables the scraper to take hold 
immediately. The straightness of the cleanout will depend to a large 
degree upon the straightness of the furrow. 
With the direct hitch three men are needed: a tractor operator, 
and two men to fill the scraper, dump it, and drag it back. As this 
is very heavy work, four men are often used on the scraper, so that 
two can rest while the other two are working. Because the hitch to 
the scraper is short, care and good judgment must be used when 
backing the tractor to the edge of the ditch. Several serious accidents 
have been caused by backing the tractor over the ditch bank. 
For a tractor equipped with a single-drum winch, the working 
crew is the same as for the direct hitch. The accident hazard is 
eliminated, however, as the scraper is pulled by the winch and the 
tractor is not continually backing towards the ditch. 
A more economical method is to use a tractor equipped with a 
double drum, reversible winch, and a fresno rotary scraper (Fig. 4). 
Two cables are used-a return cable and a drag cable. The return 
cable passes from one drum thru a pulley anchored in the opposite side 
8  
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o f  t h e  d i t c h  a n d  i s  f a s t e n e d  t o  t h e  s c r a p e r .  T h e  d r a g  c a b l e  c o n n e c t s  t h e  
s c r a p e r  t o  t h e  o t h e r  d r u m  o f  t h e  w i n c h .  A  t r a c t o r  o n  t h e  o p p o s i t e  s i d e  
o f  t h e  d i t c h  o f t e n  s e r v e s  a s  a  m o v a b l e  a n c h o r ,  d o i n g  a w a y  w i t h  t h e  
n e e d  t o  c o n s t r u c t  a  n e w  a n c h o r  f o r  e a c h  m o v e .  T h e  w o r k i n g  c r e w  
c o n s i s t s  o f  t h r e e  m e n :  t h e  w i n c h  o p e r a t o r ,  a  m a n  t o  t r i p  t h e  f r e s n o  f o r  
F i g .  4 . - C l e a n i n g  d i t c h  w i t h  t r a c t o r  e q u i p p e d  w i t h  a  w i n c h  
a n d  a  f r e s n o  r o t a r y  s c r a p e r  
T h i s  i s  a  v e r y  g o o d  m e t h o d  f o r  g e n e r a l  c l e a n i n g  o f  s m a l l e r  d i t c h e s .  I t  
i s  a l s o  u s e f u l  i n  r e m o v i n g  s h o a l s  a n d  i n  e x c a v a t i n g  u n d e r  b r i d g e s  o n  t h e  
l a r g e r  d i t c h e s .  T h e  w o r k i n g  c r e w  c o n s i s t s  o f  t h e  w i n c h  o p e r a t o r ,  a  m a n  t o  
t r i p  t h e  f r e s n o  f o r  u n l o a d i n g ,  a n d  a  m a n  t o  m o v e  t h e  a n c h o r  o r  o p e r a t e  t h e  
a n c h o r  t r a c t o r .  
u n l o a d i n g ;  a n d  a  m a n  w h o  m o v e s  t h e  a n c h o r  o r  o p e r a t e s  t h e  a n c h o r  
t r a c t o r .  T h i s  m e t h o d  i s  v e r y  u s e f u l  i n  r e m o v i n g  s h o a l s  a n d  i n  e x c a ­
v a t i n g  m a t e r i a l  f r o m  u n d e r  b r i d g e s  o n  t h e  l a r g e r  d i t c h e s ,  a s  w e l l  a s  i n  
t h e  g e n e r a l  c l e a n i n g  o f  s m a l l e r  d i t c h e s .  
D y n a m i t e  E x c a v a t i n g !  
E x p l o s i v e s  h a v e  a  v e r y  i m p o r t a n t  p l a c e  i n  o p e n - d i t c h  m a i n t e n a n c e ,  
e s p e c i a l l y  w h e r e  s h o a l s  a n d  s a n d  b a r s  a r e  t o  b e  r e m o v e d  o r  s m a l l e r  
c h a n n e l s  c l e a n e d .  
l C o m p l e t e  i n s t r u c t i o n s  f o r  u s i n g  d y n a m i t e  f o r  b l a s t i n g  d i t c h e s  c a n  b e  
o b t a i n e d  f r o m  t h e  e x p l o s i v e  m a n u f a c t u r e r s .  
9 FARM DRAINAGE: ITs MAINTENANCE AND CONSTRUCTION 
Before deciding whether to use dynamite for excavating, it is neces­
sary to consider the size and location of the ditch; the yardage to be 
excavated; and the type, nature, and moisture content of the soil. On 
small jobs-such as the removal of shoals and sand bars and small­
channel cleanout work, where the yardage to be removed is light­
dynamite can often be used mote economically than either light or 
heavy machinery, because of the cost of moving machines to the place 
where they are to be used. 
The cost of using explosives for ditch blasting varies, like the costs 
of all other methods of excavating, but it varies less than any other 
method because geographical conditions make little difference. Where 
time is a factor, no other method can compete with explosives. The 
time that it takes to blast a ditch depends on the time used in 
loading the charges, and this depends on the amount of labor available. 
A B 
Fig. 5.- Effect of exploding charges of dynamite in a ditch 
A blasted ditch is a series of overlapping craters made by the simul­
taneous explosion of a series of individual charges of dynamite. The sides 
of these craters form an angle of about 45 degrees with the surface of the 
ground. 
Another advantage in dynamiting is that it throws the excavated 
material for some distance on both sides of the ditch and thus does 
away with the unsightly and costly spoilbanks that often occupy -land 
that otherwise could be farmed. 
The possibility of using explosives is often limited by the height 
of the ditch banks and the desired bottom width. When the ditch is 
deep and the depth of silt to be removed is shallow, the charge re­
quired to blow the material clear of the ditch is so large that it digs 
out too deep a hole and thus damages the side slopes. In such a 
situation it is often better to use a dragline. 
The usual method of blasting ditches is the propagation method, 
in which ditching dynamite (a nitroglycerine dynamite) is used as 
shown in Fig. 6. A blasting cap is placed in one charge, which when 
fired explodes all the other charges. The soil must contain enough 
moisture to carry the detonation wave, or jar, from one charge to the 
next. The moisture content is sufficient when moisture will drip out 
between the fingers when a handful of the soil is squeezed in the hand. 
1 0  
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I t  i s  i m p o r t a n t  t h a t  t h e  c h a r g e s  u s e d  i n  t h e  p r o p a g a t i o n  m e t h o d  b e  
p l a c e d  a t  a  d e p t h  t h a t  w i l l  a s s u r e  a n  e v e n  g r a d e .  P r o p e r  s p a c i n g  o f  t h e  
c h a r g e s  s h o u l d  b e  d e t e r m i n e d  b y  a  t e s t  s h o t .  U n d e r  f a v o r a b l e  c o n ­
d i t i o n s ,  a n d  w h e n  t h e  c h a r g e s  a r e  p r o p e r l y  p l a c e d ,  a  p o u n d  o f  d i t c h i n g  
d y n a m i t e  w i l l  b l a s t  o u t  a b o u t  a  c u b i c  y a r d  o f  e a r t h .  
L E A D I N G  W I R E S  T O  B L A S T I N G  E::;:",~_ _ _ _ _ _ _ _ _ _ _ _MAC,!!!!~
F i g .  6 . - U s u a l  m e t h o d  o f  b l a s t i n g  d i t c h e s  
T h i s  i s  k n o w n  a s  t h e  p r o p a g a t i o n  m e t h o d .  A  b l a s t i n g  c a p  i s  p l a c e d  i n  
o n e  c h a r g e .  W h e n  i t  i s  f i r e d ,  t h e  d e t o n a t i o n  w a v e  s e t  u p  b y  t h e  s h o c k  
c a r r i e s  t o  t h e  n e x t  c h a r g e  a n d  f i r e s  i t ,  a n d  s o  o n  d o w n  t h e  l i n e .  P r o p e r  
s p a c i n g  o f  t h e  c h a r g e s  s h o u l d  b e  d e t e r m i n e d  b y  a  t e s t  s h o t .  
F i g .  7 . - C r o s s - o v e r  m e t h o d  o f  f i r i n g  f o r  e l e c t r i c  b l a s t i n g  
A n  e l e c t r i c  c a p  i s  p l a c e d  i n  e a c h  c h a r g e .  A l l  c h a r g e s  a r e  t h e n  w i r e d  
t o g e t h e r  a n d  f i r e d  b y  m e a n s  o f  a  b l a s t i n g  m a c h i n e .  T h i s  m e t h o d  i s  m o r e  
e x p e n s i v e  t h a n  t h e  p r o p a g a t i o n  m e t h o d ,  a n d  i s  u s e d  o n l y  w h e r e  t h e r e  
i s  n o t  e n o u g h  m o i s t u r e  t o  p r o p a g a t e  t h e  b l a s t .  
A n o t h e r  m e t h o d  o f  d i t c h  b l a s t i n g  i s  t h e  e l e c t r i c  c r o s s - o v e r  m e t h o d  
( F i g .  7 ) .  B e c a u s e  o f  t h e  b l a s t i n g  c a p s  a n d  e x t r a  l a b o r  r e q u i r e d ,  t h i s  
m e t h o d  i s  m o r e  e x p e n s i v e  a n d  i s  u s e d  o n l y  w h e r e  t h e r e  i s  n o t  e n o u g h  
m o i s t u r e  t o  p r o p a g a t e  t h e  b l a s t .  I t  i s  n o t  o f t e n  u s e d  i n  d i t c h  c l e a n ­
o u t  w o r k .  
11 FARM DRAINAGE: ITS MAl TENANCE AND CONSTRUCTION 
Dragline Excavating 
Of the many types of machines used for excavating silt from drain­
age ditches, the dragline excavator, which is shown in Fig. 8, has 
proved the most satisfactory. For constructing new ditches, the float­
ing and dryland dipper dredges, the grab-bucket dredge, and the hy­
draulic dredge, have been very useful, but these machines require a 
greater depth of water than is found in most open ditches that need 
rehabilitating. They are large, unwieldy, and lack the flexibility of 
the dragline excavator for cleanout work. 
Fig. S.- Excellent type of machine for getting silt 
out of a drainage ditch 
Because of its flexibility, and the many ways in which it can be used, 
the dragline excavator appears to be the answer to many of the open-ditch 
maintenance problems. This one is cleaning a ditch in the Milks Grove 
Drainage District in Iroquois county. 
The newer dragline machines which are being used on drainage 
ditch maintenance have the crawler type, self-propelled traction; full­
circle boom swing; a powerful, durable, and economical power plant; 
an adjustable boom; and a bucket with teeth made of a strong, lasting 
metal such as manganese steel. They are designed to be portable. 
The smaller machines may be loaded on a flat car and shipped with 
very little dismantling. They are light, compact, and may be trans­
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p o r t e d  o v e r  t h e  h i g h w a y s  a n d  a c r o s s  b r i d g e s .  M o s t  o f  t h e  m a c h i n e s  
a r e  e q u i p p e d  w i t h  c o u n t e r w e i g h t s  t o  p r e v e n t  t h e m  f r o m  t i p p i n g  w h e n  
a  h e a v y  l o a d  i s  l i f t e d .  T h e s e  m a y  b e  d e t a c h e d  a n d  s h i p p e d  w h e n  t h e  
m a c h i n e  i s  m o v e d  l o n g  d i s t a n c e s .  
T h e  a m o u n t  o f  s i l t  r e m o v e d  p e r  h o u r  w i l l  b e  s m a l l e r  o n  a  c l e a n ­
o u t  j o b  t h a n  w o u l d  o r d i n a r i l y  b e  o b t a i n e d  o n  n e w  c o n s t r u c t i o n .  T h e  
y a r d a g e  p e r  s t a t i o n  i s  l e s s ,  a n d  t h e  c u t  i s  s h a l l o w e r  a n d  t h e  m a c h i n e  
m u s t  b e  m o v e d  m o r e  o f t e n .  
L e v e l i n g  S p o i l  B a n k s  
S p o i l  b a n k s  a r e  o f t e n  r o u g h  a n d  u n s i g h t l y .  T h e y  b e c o m e  o v e r ­
g r o w n  w i t h  b r u s h ,  t r e e s  a n d  o t h e r  v e g e t a t i o n  w h i c h  t e n d  t o  f a l l  i n t o  
t h e  c h a n n e l  a n d  o b s t r u c t  t h e  f l o w  o f  w a t e r .  H i g h  s p o i l  b a n k s  e x e r t  
g r e a t  p r e s s u r e  o n  t h e  d i t c h  s i d e  w a l l s ,  o f t e n  c a u s i n g  t h e m  t o  c a v e .  
A n  e c o n o m i c a l  m e t h o d  o f  l e v e l i n g  s p o i l  b a n k s  i s  t o  d o  i t  w i t h  a  
c r a w l e r  t y p e  o f  t r a c t o r  e q u i p p e d  w i t h  a  b u l l d o z e r  ( F i g .  9 ) ,  o r  w i t h  a  
c r a w l e r  t r a c t o r  a n d  b l a d e  g r a d e r  ( F i g .  1 0 ) .  
S p o i l  b a n k s  a r e  o f t e n  " w o r k e d  d o w n "  w i t h  a  d i s k  b y  t h e  f a r m e r s  
o f  t h e  a d j o i n i n g  l a n d .  T h i s  m e t h o d  i s  s o m e w h a t  s l o w e r  a n d  m o r e  
c o s t l y ,  h o w e v e r ,  t h a n  u s i n g  t h e  b l a d e  o r  b u l l d o z e r .  S p o i l  b a n k s  a r e  
o f t e n  l e v e l e d  o n l y  e n o u g h  t o  a l l o w  m o w i n g .  
F i g .  9 . - L e v e l i n g  a  s p o i l  b a n k  w i t h  a  t r a c t o r  a n d  b u l l d o z e r  
K e e p i n g  s p o i l  b a n k s  l e v e l  p a y s  b i g  d i v i d e n d s .  M o r e  l a n d  i s  a v a i l a b l e  
f o r  '  c r o p s  a n d  t h e  w o r k  o f  m a i n t a i n i n g  t h e  d i t c h  i s  r e d u c e d .  T h i s  p i c t u r e  
w a s  t a k e n  i n  I r o q u o i s  c o u n t y ,  i n  t h e  A s h  G r o v e ,  C r e s c e n t ,  a n d  O n a r g a  
D r a i n a g e  D i s t r i c t .  
13 FAR { DRAINAGE: ITs MAINTE ANC£ AND CONSTRUCTiON 
MAINTAINING THE TILE SYSTEM 
A tile drain must be kept clean if it is to operate efficiently. One 
that has a good outlet and sound ti le and is properly constructed will 
rarely become clogged. 
Watch for Wet Spots and Cave-Ins 
A good indication of the working condition of a tile drain is the 
condition of the soil along the drain during a few days after a heavy 
rain. If there ar.e wet spots, it is an indication that the water is not 
being removed properly. If there is a hole or a cave-in above the t ile 
line, it is evidence of one of three things: that a tile has become mis­
placed or broken; that there is an obstruction downstream; or that 
the ti le is not large enough to carry the water being delivered by the 
lines above it. 
When wet spots or holes appear over the tile line, steps should 
be taken immediately to repair the line or the entire drain above the 
stoppage may become silted, making it necessary to relay that part 
of the line. 
Fig. l O.- Leveling a spoil bank with a tractor and blade grader 
(See page 12) 
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F i n d  C a u s e  o f  F a i l u r e  
T o  r e p a i r  a  t i l e  l i n e ,  t h e  c a u s e  o f  t h e  f a i l u r e  m u s t  b e  f o u n d .  M a k e  
a  s y s t e m a t i c  i n v e s t i g a t i o n .  
F i r s t ,  i n s p e c t  t h e  o u t l e t ,  f o r  a  s u b m e r g e d  o u t l e t  w i l l  r e t a r d  t h e  
f l o w .  I f  t h e  o u t l e t  i s  c l e a r ,  u n c o v e r  t h e  t i l e  i n  t h e  w e t  s p o t  a n d  n o t e  
d e p t h  o f  w a t e r  a n d  a m o u n t  o f  s i l t  i n  t h e  t i l e .  
C o n t i n u e  t o  u n c o v e r  a n d  i n s p e c t  t h e  t i l e  a t  i n t e r v a l s  o f  1 0 0  t o  2 0 0  
f e e t ,  w o r k i n g  d o w n s t r e a m ,  u n t i l  i n s p e c t i o n  s h o w s  t h a t  t h e  l i n e  i s  o p e n  
a n d  c o m p a r a t i v e l y  f r e e  o f  s i l t .  T h e  o b s t r u c t i o n  w i l l  b e  b e t w e e n  t h i s  
p o i n t  a n d  t h e  l a s t  i n s p e c t i o n  p o i n t  w h i c h  h a d  a  l a r g e  a m o u n t  o f  s i l t .  
S a g g e d  L i n e  M u s t  B e  R e l a i d  
A  w e t  s p o t  m a y  b e  c a u s e d  b y  a  s a g ,  o r  b a c k  f a l l ,  i n  t h e  t i l e  l i n e ,  
i n  w h i c h  c a s e  t h e  o n l y  r e m e d y  i s  t o  r e l a y  t h e  t i l e  t o  a  h i g h e r  g r a d e  
t h r u  t h e  s a g .  I f  t h e  s a g  i s  m o r e  t h a n  5 0  f e e t  l o n g ,  r e l a y  t h e  t i l e  i n  a  
n e w  t r e n c h  a t  l e a s t  3  f e e t  f r o m  t h e  o l d  t i l e  l i n e .  
F i l l i n g  i n  u n d e r  t h e  t i l e  t o  r a i s e  t h e  o l d  l i n e  i n  a  l o n g  s a g  i s  n o t  
s a t i s f a c t o r y  a s  t h e  b o t t o m  o f  t h e  t r e n c h  i s  u n s t a b l e  a n d  t h e  t i l e  w i l l  
s o o n  s e t t l e .  I f  t h e  t w o  t r e n c h e s  a r e  c l o s e r  t h a n  3  f e e t ,  t h e r e  i s  a  p o s s i ­
b i l i t y  t h a t  t h e  t i l e  w i l l  s h i f t  o u t  o f  l i n e .  
C o l l a p s e d  T i l e  M u s t  B e  R e p l a c e d  
I f  i t  i s  a  c o l l a p s e d  t i l e  t h a t  i s  c a u s i n g  t h e  o b s t r u c t i o n ,  i t  m u s t  b e  
r e m o v e d  a n d  r e p l a c e d  b y  a  s o u n d  o n e .  M a k e  a n  i n s p e c t i o n  f o r  a  s h o r t  
d i s t a n c e  o n  e a c h  s i d e  o f  t h e  f a i l u r e  t o  d e t e r m i n e  w h e t h e r  t h e r e  a r e  a n y  
o t h e r  t i l e  t h a t  n e e d  r e p l a c i n g .  
T r e e  R o o t s  A r e  C o m m o n  P r o b l e m  
R o o t s  o f  c o t t o n w o o d s ,  p o p l a r s ,  w i l l o w s ,  a n d  e l m s  g r o w i n g  n e a r  
t i l e  l i n e s  o f t e n  p e n e t r a t e  d r a i n s  a n d  f o r m  o b s t r u c t i o n s  i n  a  t i l e  l i n e .  
T h e  o n l y  s u r e  w a y  t o  p r e v e n t  s u c h  t r o u b l e  i s  t o  r e m o v e  t h e  g r o w t h  f o r  
a t  l e a s t  1 5 0  f e e t  o n  e a c h  s i d e  o f  t h e  l i n e ;  3 0 0  f e e t  i s  e v e n  b e t t e r .  
W h e r e  i t  i s  n o t  d e s i r a b l e  t o  r e m o v e  t h e  t r e e s - a s  u n d e r  s h a d e  t r e e s  
o n  t h e  l a w n  o r  b e n e a t h  w i n d b r e a k s - b e l l - e n d  s e w e r  p i p e  m a y  b e  u s e d  
a n d  t h e  j o i n t s  m a d e  t i g h t  w i t h  c e m e n t  m o r t a r ,  a  c o m m e r c i a l  b i t u m i n o u s  
j o i n t  f i l l e r ,  o r  a  c o p p e r  g a s k e t .  T h i s  m e t h o d ,  h o w e v e r ,  i s  n o t  e n t i r e l y  
s a t i s f a c t o r y .  
T h e  r o o t s  o f  t h e  m o r e  c O i n m o n l y  c u l t i v a t e d  c r o p s ,  w i t h  t h e  e x c e p ­
t i o n  o f  s u g a r  b e e t s  a n d  p o s s i b l y  a l f a l f a  g r o w n  u n d e r  i r r i g a t i o n ,  d o  
n o t  e n t e r  t i l e  l i n e s .  
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PLANNING A TILE SYSTEM 

Faulty Design Means Costly Maintenance 

Vast amounts of money have been wasted in Illinois as a result of 
improper drainage construction. In fact, faulty design and construc­
tion are responsible for a large part of the maintenance problems 
connected with tile drainage. "Blowouts" in tile lines and most of 
the wet spots in tiled fields are the result of either poor design and 
construction or faulty maintenance. Altho the systems built in more 
recent years are on the whole somewhat better than those built 
earlier,I drainage structures have never reached a high state of 
efficiency in Illinois. 
Internal pressure where the lower part of the drain does not have 
the capacity to carry the water brought down from the lines upstream 
is usually the cause of a blowout. If a submerged outlet or an obstruc­
tion in the tile line is responsible, a free outlet must be provided by 
cleaning the outlet ditch or by removing the obstruction in the tile 
line. If a blowout is due to faulty design, the break may be repaired, 
but another section of the line will probably blowout, for no amount 
of maintenance will overcome the original fault. The only cure is to 
install larger tiles or a relief line. 
Good Outlet Essential 
An outlet must permit a free flow of water from the main at all 
times, and have the capacity to carry the flow without submerging the 
tile for long periods during times of heavy rainfall. It may be either 
a natural watercourse, an artificial ditch, or another tile line. 
Locating the Tile Lines 
The best location for tile drains depends upon the location of the 
outlet, type of soil, and topography of the field. On land that is more 
or less rolling, random tile lines placed along the natural water flow 
(Fig. 11) may be used. On low land adjacent to higher land a tile 
IMen with comparatively little training did much of the early tile-drain­
age work in this state. The report of the Illinois Society of Engineers for 
1905 states: that not less than 20 percent of all the tile laid in central Illi­
nois prior to 1895 was absolutely worthless because it was offgrade, that 50 
percent of the tile lines were improperly constructed, reducing their 
efficiency at least one-half; and that not over 10 percent of the work was 
done properly. . 
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l i n e  s h o u l d  b e  l o c a t e d  1 0  t o  1 5  f e e t  a b o v e  t h e  u p p e r  e d g e s  o f  t h e  w e t  
s p o t s  i n  o r d e r  t o  c u t  o f f  t h e  w a t e r .  
T h e  r a n d o m  s y s t e m  i s  o f t e n  u s e d  w h e n  a n  o w n e r  i s  u n a b l e  t o  
f i n a n c e  c o m p l e t e  d r a i n a g e .  R a n d o m  l i n e s  a r e  u s e d  t o  d r a i n  t h e  e x ­
/r~~~ 
.~~,~,. . .  
F i g .  l l . - R a n d o m  t i l e  l i n e s  p l a c e d  a l o n g  t h e  n a t u r a l  w a t e r  f l o w  
T i l e  a r e  o f t e n  l a i d  t h i s  w a y  o n  l a n d  t h a t  i s  m o r e  o r  l e s s  r o l l i n g ,  a l s o  a s  
t h e  f i r s t  s t e p  i n  w h a t  w i l l  l a t e r  b e  a  m o r e  c o m p l e t e  s y s t e m .  
t r e m e l y  w e t  p l a c e s ,  a n d  p r o v i s i o n  i s  m a d e  f o r  d r a i n i n g  t h e  r e s t  o f  t h e  
f i e l d  l a t e r  w i t h  l a t e r a l s  f e e d i n g  i n t o  t h e s e  l i n e s .  I n  c o n s t r u c t i n g  t h e  
t i l e  s y s t e m  i n  t h i s  m a n n e r ,  t h e  n e e d s  o f  t h e  c o m p l e t e d  s y s t e m  m u s t  b e  
k e p t  i n  m i n d - t h e  r a n d o m  l i n e s  m u s t  b e  a m p l e  t o  c a r r y  t h e  l a r g e r  
l o a d  t h a t  w i l l  r e s u l t  w h e n  t h e  l a t e r a l s  a r e  a d d e d .  
F i e l d s  t h a t  a r e  f l a t  c a n  b e  d r a i n e d  o n l y  b y  a  t h o r o  s y s t e m  o f  
p a r a l l e l  t i l i n g .  T i l e  l i n e s  a r e  p l a c e d  o v e r  t h e  e n t i r e  f i e l d  a t  e q u a l  i n ­
t e r v a l s ,  t h e  s p a c i n g  d e p e n d i n g  u p o n  t h e  d e p t h  a t  w h i c h  t h e  t i l e  a r e  
l a i d  a n d  t h e  t y p e  o f  s o i l  ( F i g .  1 2 )  .  
S t r a i g h t  t i l e  l i n e s ,  o r  l i n e s  w i t h  e a s y  c u r v e s ,  a r e  e a s i e r  t o  l a y  a n d  
o f f e r  l e s s  r e s i s t a n c e  t o  t h e  f l o w  o f  w a t e r  t h a n  l i n e s  w i t h  p r o n o u n c e d  
c u r v e s .  
M a i n s  s h o u l d ,  i n  g e n e r a l ,  f o l l o w  t h e  l i n e s  o f  n a t u r a l  d r a i n a g e .  
17 FARM DRAINAGE: ITs MAINTENANCE A D CONSTRUCTION 
They should not, however, be laid in the bottom of a natural water­
course if the soil is subject to erosion, or they will be washed out. 
Laterals may be constructed diagonally across the steepest slope, or 
they may follow the lines of greatest slope, depending upon the amount 
of fall available. 
-4ff'-I--r-- r---I--- I---r--. ~ ~ I'-­~ ~ ~" 
--
410'_ r--­~ 
~ 
~ 

~ ~ . 

~ \ 
Fig. 12.- Gridiron system of drainage 
For fields that are flat this is the only system that is satisfactory. The 
spacing will depend upon the depth at which the tile are laid and the type 
of soil in the field. 
Long laterals, of approximately one-fourth mile in length, and 
short mains are more economical than a long main with short laterals 
of a few hundred feet, for the latter will result in a greater amount of 
duplicate drainage since a main will drain the ground for some dis­
tance on each side of it. If the laterals are too long, however, the 
additional cost of the larger tile needed to care for the additional water 
will be greater than the saving made by avoiding duplicate drainage. 
Depth and Spacing of Laterals 
Proper depth and proper spacing of laterals is determined largely 
by the porosity of the soil. The ground water table forms a curve 
between tile lines, the high point being in the center between the lines. 
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I n  p l a n n i n g  t h e  s p a c i n g  a n d  d e p t h  o f  t h e  l a t e r a l s  t h i s  f a c t  m u s t  b e  
t a k e n  i n t o  c o n s i d e r a t i o n  ( F i g .  1 3 ) .  I f  t h e  s o i l  i s  p o r o u s ,  a s  i t  i s  w h e n  
c o m p o s e d  o f  s a n d  a n d  g r a v e l ,  t h e  g r o u n d  w a t e r  w i l l  m o v e  m o r e  r a p i d l y  
t o w a r d  t h e  t i l e  a n d  t h e  l a t e r a l s  c a n  t h e r e f o r e  b e  s p a c e d  f a r t h e r  a p a r t  
t h a n  i n  a  t i g h t  c l a y  s o i l .  
I  '  5  - 8  R O D S  ,  I  '  
5 - 8  R O D S  ' I  
F i g .  1 3 . - T i l e  l i n e s  i n  r e l a t i o n  t o  w a t e r  t a b l e  
T h e  s p a c i n g  a n d  d e p t h  o f  t h e  l a t e r a l s  s h o u l d  b e  s u c h  t h a t  t h e  h i g h  
p o i n t  o f  t h e  w a t e r  t a b l e  ( w h i c h  i s  m i d w a y  b e t w e e n  t h e  l i n e s )  w i l l  b e  
l o w e r e d ,  w i t h i n  2 4  h o u r s  a f t e r  a  h e a v y  r a i n ,  t o  t h e  l e v e l  m o s t  b e n e f i c i a l  t o  
m o s t  c r o p s .  
I n  g e n e r a l ,  i t  c a n  b e  s t a t e d  t h a t  i n  s o i l s  o f  m o d e r a t e  p e r m e a b i l i t y  
t h e  l a t e r a l s  s h o u l d  b e  l a i d  3  t o  3 0  f e e t  d e e p  a n d  s p a c e d  8 0  t o  1 5 0  
f e e t  a p a r t .  T h e  c o v e r  o v e r  t h e  t i l e  s h o u l d  n e v e r  b e  l e s s  t h a n  2 0  f e e t  
d e e p  i n  n o r t h e r n  I l l i n o i s  o r  t h e  t i l e  m a y  b e  b r o k e n  b y  f r e e z i n g  a n d  
t h a w i n g .  I n  m o r e  p o r o u s  s o i l s  t h e  d e p t h  m a y  b e  a s  g r e a t  a s  4  f e e t  a n d  
t h e  s p a c i n g  a s  g r e a t  a s  2 5 0  f e e t .  O r d i n a r i l y  i t  d o e s  n o t  p a y  t o  d r a i n  
f a r m  l a n d  t h a t  w o u l d  r e q u i r e  t h e  t i l e  l i n e s  t o  b e  s p a c e d  l e s s  t h a n  5 0  
f e e t  a p a r t  u n l e s s  t h e  l a n d  i s  t o  b e  i n t e n s i v e l y  c u l t i v a t e d ,  a s  i n  t r u c k  
g a r d e n i n g .  
S i z e  o f  M a i n  T i l e  
S i z e  o f  t i l e  i s  v e r y  i m p o r t a n t  f o r  t h e  e f f i c i e n t  f u n c t i o n i n g  o f  a  
d r a i n a g e  s y s t e m .  S e v e r a l  f a c t o r s  m u s t  b e  c o n s i d e r e d  w h e n  d e c i d i n g  
t h i s  p o i n t ,  n a m e l y :  
A r e a  t o  b e  d r a i n e d  
A m o u n t  o f  w a t e r  t o  b e  r e m o v e d  
T o p o g r a p h y  o f  l a n d  t o  b e  d r a i n e d  
P o r o s i t y  o f  t h e  s o i l  
G r a d e  o r  f a l l  o f  t h e  t i l e  l i n e s  
M e t h o d  i n  w h i c h  t h e  w a t e r  i s  t o  r e a c h  t h e  s u b d r a i n s .  
T h e  r e q u i r e d  c a p a c i t y  o f  t h e  t i l e  i s  a l m o s t  d i r e c t l y  p r o p o r t i o n a l  t o  
t h e  a r e a  t o  b e  d r a i n e d .  O t h e r  c o n d i t i o n s  b e i n g  t h e  s a m e ,  a  m a i n  t w i c e  
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t h e  c a p a c i t y  o f  t h a t  r e q u i r e d  t o  d r a i n  a  4 0 - a c r e  f i e l d  w i l l  b e  r e q u i r e d  
t o  d r a i n  a n  8 0 - a c r e  f i e l d .  O n  a  f i e l d  o f  r o l l i n g  t o p o g r a p h y  s m a l l e r  
t i l e  m a y  b e  u s e d  t h a n  o n  a  f l a t  f i e l d ,  f o r  m u c h  o f  t h e  w a t e r  w i l l  f l o w  
o f f  a s  s u r f a c e  d r a i n a g e ,  a n d  f u r t h e r m o r e  t h e  c a p a c i t y  o f  a  g i v e n  s i z e  
o f  t i l e  i n c r e a s e s  w i t h  t h e  g r a d e .  I  f  w a t e r  i s  t o  e n t e r  t h e  t i l e  b y  s u r ­
f a c e  i n l e t s ,  t h e  s i z e  o f  t h e  t i l e  m u s t  b e  i n c r e a s e d .  
T h e  n u m b e r  o f  a c r e s  w h i c h  v a r i o u s  s i z e s  o f  t i l e  o n  d i f f e r e n t  g r a d e s  
w i l l  d r a i n  i s  i n d i c a t e d  i n  T a b l e  1 .  I t  i s  a s s u m e d  t h a t  t h e  l a n d  i s  s l i g h t l y  
r o l l i n g ;  t h a t  a  l a r g e  p a r t  o f  t h e  r a i n f a l l  w i l l  f l o w  o f f  a s  s u r f a c e  d r a i n ­
a g e ;  a n d  t h a t  a l l  t h e  w a t e r  w h i c h  r e a c h e s  t h e  t i l e  i s  b y  p e r c o l a t i o n  
t h r u  t h e  g r o u n d .  I f  t h e  l a n d  i s  v e r y  f l a t ,  o r  w a t e r  i s  t o  e n t e r  t h e  t i l e  
t h r u  s u r f a c e  i n t a k e s ,  t h e  a c r e a g e  s h o u l d  b e  r e d u c e d .  T h e  n u m b e r  o f  
a c r e s  i s  c o m p u t e d  f o r  a  ~ - i n c h  c o e f f i c i e n t ;  t h a t  i s ,  i t  i s  a s s u m e d  t h a t  
t h e  t i l e  w i l l  r e m o v e  i n  2 4  h o u r s  a n  a m o u n t  o f  w a t e r  e q u i v a l e n t  t o  ~ 
i n c h  o v e r  t h e  w a t e r s h e d .  I f  a  ; V B - i n c h  c o e f f i c i e n t  i s  d e s i r e d  t h e  a c r e a g e  
d r a i n e d  s h o u l c 1  b e  o n l y  t w o - t h i r d s  t h a t  s h o w n  i n  t h e  t a b l e .  
S i z e  o f  L a t e r a l  T i l e  
F i v e - i n c h  t i l e  i s  t h e  s m a l l e s t  g e n e r a l l y  r e c o m m e n d e d ,  e x c e p t  f o r  
s h o r t  l a t e r a l s .  S m a l l e r  t i l e  a r e  m o r e  d i f f i c u l t  t o  l a y ,  h a v e  l e s s  c a p a c i t y ,  
a n d  b e c o m e  c l o g g e d  m o r e  e a s i l y .  
T h e  c a r r y i n g  c a p a c i t y  o f  a  t i l e  d e p e n d s ,  a m o n g  o t h e r  t h i n g s ,  o n  i t s  
c r o s s - s e c t i o n a l  a r e a .  T h e  a r e a  v a r i e s  d i r e c t l y  a s  t h e  s q u a r e  o f  t h e  
d i a m e t e r .  A  S - i n c h  t i l e  t h u s  h a s  2 %  6  a s  m u c h  a r e a  a s  a  4 - i n c h  t i l e ,  o r  
1 . 6  t i m e s  a s  m u c h  a n d  t h e  o n l y  a d d i t i o n a l  c o s t  f o r  t h e  S - i n c h  t i l e  l i n e  
i s  t h a t  o f  t h e  t i l e  i t s e l f ,  w h i c h  i s  a b o u t  1 . 3  t i m e s  a s  m u c h .  T h e  c o s t  
o f  d i g g i n g  t h e  t r e n c h ,  l a y i n g  t h e  t i l e ,  a n d  b a c k f i l l i n g  i s  t h e  s a m e  f o r  
b o t h  s i z e s .  T h e  f r e i g h t  c a n  b e  d i s r e g a r d e d  s i n c e  m o s t  I l l i n o i s  m a n u ­
f a c t u r e r s  d e l i v e r  t r u c k l o a d  l o t s  w i t h o u t  c h a r g e  f o r  t r a n s p o r t a t i o n .  
Q u a l i t y  o f  T i l e  
T h r e e  q u a l i t i e s  o f  d r a i n  t i l e  a r e  r e c o g n i z e d :  f a r m ,  s t a n d a r d ,  a n d  
e x t r a - q u a l i t y . l  F a r m  d r a i n  t i l e  i s  u s e d  f o r  o r d i n a r y  p r i v a t e  d r a i n a g e  
w o r k  w h e r e  m o d e r a t e  s i z e s  o f  t i l e  a r e  t o  b e  l a i d  i n  m o d e r a t e  d e p t h s  
o f  t r e n c h .  S t a n d a r d  d r a i n  t i l e  i s  u s e d  f o r  t i l e  l a r g e r  t h a n  1 2  i n c h e < ; ,  
o n  b o t h  f a r m s  a n d  i n  d r a i n a g e  d i s t r i c t s .  E x t r a - q u a l i t y  d r a i n  t i l e  i s  
u s e d  w h e r e  a  t i l e  l a r g e r  t h a n  1 2  i n c h e s  i s  n e e d e d  a n d  t h e  t i l e  i s  t o  b e  
p l a c e d  a t  c o n s i d e r a b l e  d e p t h .  
l A m e r i c a n  S o c i e t y  o f  T e s t i n g  M a t e r i a l s .  A  c o p y  o f  t h e i r  s p e c i f i c a t i o n s  
m a y  b e  o b t a i n e d  b y  w r i t i n g  t h e  S e c r e t a r y  o f  t h e  S o c i e t y ,  2 0 3  S .  B r o a d  
S t r e e t ,  P h i l a d e l p h i a ,  P a .  
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Tests for quality of tile are of three kinds- chemical, physical and 
visual. Altho few purchasers of farm drain tile are equipped to make 
complete tests, all can make the absorption test and the visual in­
spection described. A poor tile in the ground will endanger the entire 
drainage system. 
Test for minerals.-If the soil is of marked acid or alkaline char­
acter, additional specifications as to the resistance of the tile to the 
chemical action of the drainage water should be required and the tile 
should be inspected by the purchaser for visible grains or particles of 
minerals that may be dissolved by the drainage water, causing the tile 
to disintegrate and the system to fail. Generally speaking such condi­
tions are not serious in Illinois. 
Test for porosity. - The amount of water that tile will absorb is 
another indication of its quality. Porous tile is generally weaker than 
dense tile, and since water enters tile lines thru the joints rather than 
the walls, porosity is a drawback rather than an advantage. 
Anyone can make a simple test for porosity. Heat a tile in an 
oven at 230° F. for three hours, then cool it to between 68° and 77° 
F. and weigh it. Repeat this process of baking and cooling until two 
weights agree. (The balance used to weigh the tile should be sensi­
tive to one ounce when weighing up to 13 pounds. ) After the tile is 
thoroly dry, place it in a suitable wire container, cover it with distilled 
or rain water, and boil for five hours. Remove the tile and dry with a 
towel or blotting paper, and weigh again. The percent of water ab­
sorbed may be calculated by subtracting the dry weight from the wet 
weight and dividing the difference by the dry weight. 
Freezing and thawing test.-If the amount of water absorbed 
in the porosity test is over 13 percent, the freezing an.d thawing test 
should be made. For this test a laboratory! equipped to do this type 
of work is needed. If this test reveals a large amount of disintegration 
(chipping or spalling), with a loss in weight of more than 5 percent, 
it should be rejected. Or if it is badly cracked in other than the 
lamination planes, or if it shows serious loss of structural strength, 
it should be rejected. 
Inspection.- Drain tile up to 12 inches in diameter must have 
strength to withstand a load of at least 800 pounds per lineal foot. 
Give each drain tile a thoro looking-over at the trench before laying 
it. A good tile is circular in cross-section and has square ends to 
IMaterials Testing Laboratory, University of Illinois, makes such tests 
at a nominal cost. 
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p e r m i t  a  c l o s e  j o i n i n g .  I t  i s  s m o o t h  o n  t h e  i n s i d e .  I t  i s  s t r a i g h t ,  a n d  
f r e e  f r o m  c r a c k s  w h i c h  e x t e n d  i n t o  t h e  b o d y  o f  t h e  t i l e  i n  s u c h  a  w a y  
a s  t o  w e a k e n  i t .  T e s t  e v e r y  t i l e  f o r  s o u n d n e s s ,  a s  s h o w n  i n  F i g .  1 4 .  
F i g .  1 4 . - E v e r y  t i l e  s h o u l d  b e  t e s t e d  f o r  s o u n d n e s s  
A  t i l e  t h a t  i s  f r e e  f r o m  c r a c k s  w i l l  g i v e  a  c l e a r  r i n g  w h e n  h e l d  i n  t h e  
h a n d  o r  s e t  o n  e n d  a n d  t a p p e d  w i t h  a  l i g h t  i r o n  r o d  o r  h a m m e r .  A  p o o r  t i l e  
w i l l  e n d a n g e r  t h e  w h o l e  d r a i n a g e  s y s t e m .  
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CONSTRUCTING OUTLET FOR TILE SYSTEM 

Build Headwall First 
Before starting to lay a tile line, construct the headwall and encase 
a metal pipe in it. Use at least six sewer tile at the outlet, and with a 
metal collar connect the first tile to the metal pipe, keeping the bell­
mouth upstream. 
Protection of tile outlets is one of the most important yet probably 
the most neglected item in the construction and maintenance of land 
drainage improvements. Tile outlets are often left unprotected or are 
Fig. 15.- The beginning of a "lost" line 
A tile outlet will function for a few years without outlet protection, but 
eventually the outlet will become frozen or stopped up and a gully will be 
cut into the field. 
protected with structures of poor design and construction which fail 
within a relatively few years. Tiles wash out and form gullies in 
the fields (Fig. 15); banks cave in and cover the end tile and the 
effectiveness of the drainage system is impaired. The tile lines are 
often "lost." 
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U s e  W e i r  N o t c h  f o r  S u r f a c e  R u n o f f  
W h e r e  s u r f a c e  r u n o f f  i s  i n v o l v e d ,  o u t l e t s  s h o u l d  b e  p r o t e c t e d  w i t h  
a  r e i n f o r c e d  c o n c r e t e  h e a d w a l l .  A  g o o d  d e s i g n  f o r  s u c h  a  s t r u c t u r e  i s  
s h o w n  i n  F i g .  1 6 .  
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F i g .  1 6 . - D e s i g n  f o r  a  r e i n f o r c e d  c o n c r e t e  h e a d w a l l  
w h e r e  ~urface d r a i n a g e  i s  i n v o l v e d  
A  w e i r  n o t c h  o f  a m p l e  c a p a c i t y  f o r  t h e  s u r f a c e  r u n o f f  i s  o f  p r i m e  
i m p o r t a n c e  i n  s u c h  a  h e a d w a l l .  T h e  s h a p e  o f  t h e  n o t c h  w i l l  b e  g o v e r n e d  
b y  t h e  s h a p e  o f  t h e  d i t c h ,  t h e  d e p t h  o f  t h e  t i l e ,  a n d  t h e  h e j g h t  o f  t h e  t i l e  
a b o v e  t h e  o u t l e t  d i t c h .  
I n  t h e  d e s i g n  o f  a  p e r m a n e n t  o v e r f l o w  s t r u c t u r e  a  w e i r  n o t c h  o f  
a m p l e  c a p a c i t y  t o  c a r e  f o r  t h e  f l o w  o f  s u r f a c e  w a t e r  i s  o f  p r i m a r y  
i m p o r t a n c e .  T h e  s i z e  o f  t h e  n o t c h  o p e n i n g  d e p e n d s  u p o n  s e v e r a l  
f a c t o r s ,  i n c l u d i n g  a m o u n t  a n d  i n t e n s i t y  o f  r a i n f a l l ,  a r e a  a n d  s l o p e  
o f  w a t e r s h e d ,  a n d  t y p e  o f  v e g e t a t i o n .  I f  t h e  n o t c h  i s  t o o  s m a l l ,  t h e  
w a t e r  w i l l  f l o w  a r o u n d  t h e  e n d s  a n d  w i l l  e v e n t u a l l y  w a s h  o u t  t h e  
h e a d w a l l .  T h i s  i s  w h a t  h a p p e n e d  t o  t h e  h e a d w a l l  s h o w n  i n  F i g .  1 7  
o n  p a g e  2 7 .  
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For aid in selecting the correct size of notch opening for headwalls 
refer to Tables 2 and 3. Suppose one is to be constructed for a 
drainage area of 200 acres, and the area has an average slope of 5 feet 
per 1,000 feet. The notch would have to discharge 49.69 cubic feet 
of water per second (Table 2). Notches of several different di­
mensions-I foot by 15 feet, 1.5 feet by 8 feet, 2 feet by 6 feet, 2.5 
feet by 4 feet or 3 feet by 3 feet- will safely carry this amount of 
water (Table 3). 
Table 2.-Capacity of Weir Notch Required by Different Areas 
Where Rainfall Is 2.5 Inches per Houra 
Fall is 5 feet Fall is 10 feet I Fall is 20 feet 
Area in acres 
1..... .. ...... . .... .. . 
2........... ........ . . 
3... .. .. ........ .. ... . 
4..... .... . . ......... . 

5... ... . . . ..... ...... . 
6... . . . . ........ .... . . 
7... . ..... ...... .. ... . 
8...... . ............. . 
9.................... . 
10 . .. . ......... . .... . . . 

20 ........ ......... ... . 

~O .................... . 

40 .... ...... .......... . 

50 ........ .... ........ . 

60 ........ ...... .... .. . 

70 .................... . 

80 ... ................ . . 

90 .................... . 

100 ..... .. ..... ........ . 

200 ..... . .... . ......... . 

300 .... ................ . 

400 ... .. . ........ ...... . 

500 .................... . 

600 ....... ...... ... .... . 

640 . .......... . . ... . . . . . 

in 1,000 
cu./t. 
.94 
1 .56 
2.12 
2.63 
3.12 
3.56 
4.00 
4.43 
4 .87 
5 . 25 
8.81 
12.00 
14.87 
17.50 
20.12 
22 . 56 
25.00 
27 .31 
29.56 
49.69 
67.31 
83 . 50 
98.74 
112.49 
120 .00 
in 1,000 I 
Water discharged per second 
cu./t. 
1.11 
1.89 
2.52 
3.12 
3.72 
4.31 
4.72 
5 . 30 
5 . 77 
6 . 25 
10 . 56 
14 . 29 
17.75 
20.80 
24.04 
26.92 
29.60 
32.26 
35.37 
58.75 
79.47 
100.00 
116.25 
135.38 
138 . 80 
in 1,000 
cu./t. 
1.31 
2.19 
3.00 
3.75 
4.48 
5 .06 
5.69 
6.25 
6.87 
7.44 
12.50 
16 .94 
21.00 
24.87 
28.44 
32.00 
35.38 
38.50 
41.75 
70.12 
95.25 
118.25 
139.68 
160.00 
168.12 
aComputed by Burkli-Ziegler formula: Q=RMc ~. Q =quantity of water 
reaching outlet in cubic feet per second, R=maximum rainfall in inches per hour, 
M=number of acres in watershed, S=average slope of ground in feet per 1,000 feet, 
c=coefficient, depending upon character of drainage area (.25 for farm land). Two 
and one-half inches per hour is the amount to be expected once in 25 years in Illinois, 
according to "Rainfall Intensity-Frequency Data." in U. S. Bureau Agr. Engineer­
ing Misc. Pub. 204, 1935, by David L. Yarnell. 
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The shape of the ditch, the depth of the tile, and the height of 
the tile above the outlet ditch will govern the shape of the notch to 
use. The bottom must be high enough to provide good cover for 
the tile. The ends of the notch should be not less than 12 inches from 
Fig. 17.- A headwall that failed because of faulty design 
The notch was not large enough to carry the surface water, which con­
sequently washed around the end of the headwall, causing it to fail. The 
wingwall was not strong enough to hold its own weight, and broke when 
the soil had been washed from under it. 
the sidewall. Weep holes should be provided in order to relieve 
the pressure from the back of the wall. Extra steel must be placed 
around the tile opening to compensate for the material which has been 
displaced by the pipe. 
Wingwalls and Sidewalls 
Construct the wingwalls at an angle of 30 to 45 degrees upstream 
from the line of the headwall. Advantage will thus be taken of the 
undisturbed soil, and the wingwalls will be out of the main channel 
of the tile ditch, where erosion might become a problem. 
Sidewalls should be included in the design of all overflow head­
walls. They act as supports, or buttresses, for the headwall and tend 
to confine the overflow water to the apron, thus preventing any under­
cutting on the downstream side of the headwall or wingwalls. After 
the forms are removed, all loose soil used in filling should be thoroly 
tamped to avoid the danger of washing taking place around the new 
structure. 
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M a k e  L o n g  F r o n t  A p r o n  
C o n s t r u c t  t h e  f r o n t  a p r o n  s o  t h a t  i t  e x t e n d s  f r o m  t h e  h e a d w a l l  t o  
t h e  n o r m a l  t o e  o f  t h e  s l o p e .  T h e  a p r o n  m u s t  b e  a t  l e a s t  l Y z  t i m e s  
a s  l o n g  a s  t h e  h e a d w a l l  i s  h i g h - o f t e n  i t  i s  b e t t e r  t o  m a k e  i t  e v e n  
l o n g e r .  T h e  s u r f a c e  o f  t h e  a p r o n  m u s t  b e  l e v e l ,  b o t h  l e n g t h w i s e  a n d  
a c r o s s ,  f o r  a  l e v e l  a p r o n  w i l l  t e n d  t o  r e t a r d  t h e  v e l o c i t y  o f  t h e  w a t e r  
a s  i t  l e a v e s  t h e  t i l e ,  r e d u c i n g  t h e  d a n g e r  o f  i t s  u n d e r c u t t i n g  t h e  
s t r u c t u r e  a t  t h e  t o e  o f  t h e  a p r o n .  
A n c h o r  H e a d w a l l  C a r e f u l l y  
P l a c e  a  l u g  u n d e r  t h e  h e a d w a l l  t o  p r e v e n t  t h e  s t r u c t u r e  f r o m  
s l i p p i n g .  T h i s  i s  n e c e s s a r y  s i n c e  a  r e i n f o r c e d  c o n c r e t e  s t r u c t u r e  s u c h  
a s  t h i s  i s  m u c h  l i g h t e r  t h a n  o n e  o f  m a s s  c o n c r e t e  a n d  i t s  w e i g h t  a l o n e  
i s  n o t  e n o u g h  t o  p r e v e n t  i t  f r o m  s l i p p i n g .  E x t e n d  t h e  c u t - o f f  w a l l  
d o w n  t o  s t a b l e  s o i l  a n d  w e l l  b e l o w  t h e  p o i n t  w h e r e  e r o s i o n  m i g h t  
o c c u r .  E x t e n d  e n d s  o f  t h i s  c u t - o f f  w a l l  a p p r o x i m a t e l y  o n e  f o o t  o n  
e a c h  e n d  o f  t h e  s i d e w a l l s  a n d  a b o u t  t h e  s a m e  d i s t a n c e  a b o v e  t h e  a p r o n .  
T h i s  t e n d s  t o  p r e v e n t  t h e  w a t e r  f r o m  s w i r l i n g  a r o u n d  t h e  e n d s  o f  t h e  
s i d e w a l l s .  
S t u d y  S o i l  C o n d i t i o n s  
T h e  r e i n f o r c e d  c o n c r e t e  c a n t i l e v e r  w a l l ,  w i t h  a p r o n  a s  d e s c r i b e d ,  
l e n d s  i t s e l f  v e r y  w e l l  t o  c o n d i t i o n s  t h a t  w i l l  n o t  s t a n d  h e a v y  l o a d s .  
H o w e v e r ,  l o c a l  c o n d i t i o n s  m a y  r e q u i r e  m o r e  c a u t i o u s  t r e a t m e n t .  A  
s t r a t u m  o f  q u i c k s a n d ,  f o r  e x a m p l e ,  m a y  c a l l  f o r  p i l i n g .  T h i s  i s  a  j o b  
f o r  o n e  e x p e r i e n c e d  i n  s u c h  w o r k .  
S o m e  H e a d w a l l s  N e e d  N o N o t c h  
N o  n o t c h  n e e d  b e  p r o v i d e d  f o r  o v e r f l o w  w a t e r  w h e r e  s u r f a c e  
r u n o f f  i s  n o t  a  p r o b l e m .  A s i d e  f r o m  t h i s ,  t h e  h e a d w a l l  d e s i g n  i s  
s i m i l a r  t o  t h a t  w h e r e  s u r f a c e  r u n o f f  i s  a  f a c t o r .  P l a n s  f o r  h e a d w a l l s  
o f  t h i s  t y p e  a r e  s h o w n  i n  F i g s .  1 8  a n d  1 9 ,  p a g e s  2 9  a n d  3 0 .  
T i l e  C o n s t r u c t i o n  A b o v e  O u t l e t  
B e l l - a n d - s p i g o t  c o n c r e t e ,  o r  v i t r i f i e d  s e w e r  p i p e ,  o r  c o r r u g a t e d  
c u l v e r t  p i p e  p l a c e d  f o r  t h e  f i r s t  1 5  o r  2 0  f e e t  a b o v e  t h e  o u t l e t  w i l l  
h e l p  t o  p r e v e n t  b r e a k i n g  f r o n :  f r e e z i n g  a n d  t h a w i n g .  
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31 FARM DRAINAGE: ITS MAINTENANCE AND CONSTRUCTION 
Corrugated Iron Pipe Outlet 
For tile 16 inches or less in diameter, corrugated iron pipe may be 
used for outlet protection where surface runoff is not a factor. Good 
practice requires extending the pipe 4 to 8 feet out from the ditch bank. 
. Only careful installation will prevent erosion below or around an 
outlet of this type. One-man rip-rap, broken building stone, broken 
concrete pavement or any similar available material that can be 
handled by one man will help to keep the ditch bank from eroding. 
Encase the joint between the upper end of the pipe and the first 
tile in a square concrete wall one foot thick, with the sides extending 
8 inches from the corrugated iron pipe. This wall will seal the joint 
and cut off the flow of free water in the trench outside the tile. 
An outlet of this type is shown in Fig. 20. 
CEMENT JOINTS FOR ;f;~ NORMAL WATER LEVEL 

IS' BACK FROM CUT-~r I L, " 

OFF WALL ~ 1-0 
Fig. 20.- 0utlet construction using corrugated iron pipe 
This type of outlet protection is satisfactory when the tile are not over 
16 inches in diameter. Note extension of the pipe beyond the ditch bank. 
Also note the concrete wall at the upper end of the pipe, which seals the 
joint and cuts off the flow of free water in the trench outside the tile. 
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33 FARM DRAINAGE: ITS MAINTENANCE AND CONSTRUCTION 
CONSTRUCTING THE TILE LINES 
Anyone experienced in the use of a level should be able to stake 
out a tile line. The general practice followed is to start at the outlet 
and work upstream. A hub stake is set every 50 feet on straight lines 
and as frequently as necessary on curves. A witness stake is set beside 
Toward outlet Away from outlet 
Fig. 21.-Hub and marker stakes shown from two sides 
The hub stake is driven flush with the ground and a marker, or witness 
stake, set beside it. The station number (4 + 00 in this case) is placed on 
the marker stake on the side toward the outlet (left). The depth from the 
top of the hub to the bottom of the trench (3.11) is marked on the side 
away from the outlet (right). A "station" is 100 feet. 
it, and on this is marked the station number and the depth from the 
top of the hub to the bottom of the trench. If a hub is set 875 feet 
from the outlet, the station number would be 8 + 75, which means that 
there are 8 full stations of 100 feet each and an additional 75 feet 
between the outlet and the stake. See Fig. 21 for further details. 
Two Methods of Establishing Grade 
There are two methods of establishing the depth for the trench, 
that will give a uniform grade between the hubs: the line-and-gage 
method and the target-and-sighting method. The first is probably the 
best when inexperienced labor is used. This method is illustrated in 
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F i g s .  2 2  t o  2 4 .  W h e n  u s i n g  t h i s  m e t h o d ,  c a r e  m u s t  b e  t a k e n  t o  k e e p  
t h e  g r a d e  c o r d  t a u t  a n d  t h e  g a g e  m u s t  b e  h e l d  p l u m b  w h e n  m e a s u r i n g .  
T h e  s i g h t i n g  m e t h o d  i s  d e s c r i b e d  i n  F i g .  2 5 .  B e c a u s e  i t  e l i m i n a t e s  
t h e  e r r o r  w h i c h  m i g h t  b e  c a u s e d  b y  s a g s  i n  t h e  c o r d  s t r e t c h e d  o v e r  t h e  
t o p  o f  t h e  c r o s s b a r s ,  i t  i s  p r e f e r r e d  b y  e x p e r i e n c e d  t i l e r s .  H o w e v e r ,  
e r r o r s  i n  s i g h t i n g  a r e  p o s s i b l e  w h e n  u s i n g  t h i s  m e t h o d ;  a n d  a d d i t i o n a l  
c r o s s b a r s  m u s t  b e  s e t  a t  e a c h  c h a n g e  i n  g r a d e .  
F i g .  2 2 . - L i n e - a n d - g a g e  m e t h o d  o f  e s t a b l i s h i n g  g r a d e  f o r  t i l e  l i n e  
( L e f t )  D r i v e  a  s o l i d  s t a k e  i n t o  t h e  g r o u n d  b e s i d e  t h e  w i t n e s s  s t a k e  a n d  
p l a n t  a  s i m i l a r  s t a k e  o n  t h e  o p p o s i t e  s i d e  o f  t h e  t r e n c h .  P l a c e  o n e  e n d  o f  
t h e  g a g e  r o d  o n  t o p  o f  t h e  h u b  s t a K e  a n d  p l a c e  a  m a r k  o n  t h e  u p r i g h t  a t  a  
p o i n t  t h a t  w i l l  b e  7  f e e t  a b o v e  t h e  b o t t o m  o f  t h e  e x c a v a t e d  t r e n c h .  W i t h  
t h e  c r o s s b a r  a t  t h i s  h e i g h t  t h e  m e n  c a n  w o r k  i n  t h e  t r e n c h  w i t h o u t  
i n t e r f e r e n c e .  
( R i g h t )  C l a m p  a  h o r i z o n t a l  b a r  t o  t h e  u p r i g h t ,  o n  t h e  h u b  s i d e ,  a t  t h e  
p o i n t  i n d i c a t e d  b y  t h e  m e a s u r e m e n t  w i t h  t h e  g a g e  r o d .  
W h e n  u s i n g  t h e  l i n e - a n d - g a g e  m e t h o d ,  a f t e r  t h e  d i t c h  i s  l a i d  o u t  
a n d  s t a k e d ,  a  l i n e  i s  s t r e t c h e d  a  d e f i n i t e  d i s t a n c e  a b o v e  t h e  g r a d e  l i n e  
( F i g .  2 4 ) .  A f t e r  t h e  f i r s t  s p a d i n g  i s  t a k e n  o u t ,  t h e  s e c o n d  s p a d i n g  i s  
b e g u n .  I t  i s  a  g o o d  p l a n  t o  t h r o w  t h e  t o p  s o i l  t o  o n e  s i d e  a n d  t h e  s u b ­
s o i l  t o  t h e  o t h e r  s i d e  w h e r e  i t  i s  d e s i r a b l e  t o  f i l l  t h e  t r e n c h  w i t h  t o p  
s o i l  i n  p l a c e .  M a k e  t h e  t r e n c h  j u s t  w i d e  e n o u g h  f o r  a  m a n  t o  w o r k  
i n .  A  w i d e  t r e n c h  p u t s  e x c e s s i v e  w e i g h t  o n  t h e  t i l e .  
FARM DRAINAGE: ITs MAINTENANCE AND CONSTRUCTION 35 
Fig. 23.- Line-and-gage method-continued 
Level the crossbar with a carpenter's level and clamp it to the other 
upright. 
Fig. 24.- Line-and-gage method-concluded 
When the crossbars have been set at 3 or more hubs, stretch a light 
strong cord, such as a fishline, taut across the tops of the bars, from one 
bar to the next. If the fall is uniform, any error in setting the crossbars or 
establishing the grade can be detected by sighting across the tops of three 
or more crossbars. The trench will be the right depth when the gage is 
set upright and plumb in the bottom of the trench and its top just touches 
the grade cord. 
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F i g .  2 5 . - L e v e l i n g  a  c r o s s b a r  f o r  u s e  i n  s i g h t i n g  m e t h o d  
o f  e s t a b l i s h i n g  g r a d e  
T h e  s i g h t i n g  m e t h o d  i s  m u c h  t h e  s a m e  a s  t h e  l i n e - a n d - g a g e  m e t h o d  
d e s c r i b e d  i n  F i g s .  2 2 - 2 4 ,  e x c e p t  t h a t  t h e  c r o s s b a r s ,  o r  t a r g e t s ,  a r e  u s u a l l y  
s e t  5  f e e t  a b o v e  t h e  b o t t o m .  o f  t h e  t r e n c h ,  a n d  t h e  c o r r e c t  d e p t h  i s  d e t e r ­
m i n e d  b y  s i g h t i n g  o v e r  t h e  t o p s  o f  t h e m  w i t h  t h e  s t a f f  o r  g a g e .  E x p e r i e n c e d  
t i l e r s  p r e f e r  t h i s  m e t h o d .  
L a y  T i l e  A s  S o o n  A s  T r e n c h  I s  D u g  
A f t e r  h a v i n g  d u g  t h e  t r e n c h  t o  w i t h i n  a  f e w  i n c h e s  o f  g r a d e ,  
e x c a v a t e  t h e  t i l e  b e d  w i t h  t h e  d r a i n  s c o o p  ( F i g .  2 6 ) .  
A s  s o o n  a s  t h e  t r e n c h  i s  c o m p l e t e d ,  l a y  t h e  t i l e  a n d  " b l i n d "  t h e m  
i m m e d i a t e l y ;  t h a t  i s ,  c o v e r  t h e m  w i t h  6  t o  8  i n c h e s  o f  l o o s e  e a r t h  
( F i g .  2 7 ) .  T h i s  i s  v e r y  i m p o r t a n t ,  a s  o t h e r w i s e  b a n k s  m a y  c a v e ,  
b r e a k i n g  t h e  t i l e ,  o r  t h e  b o t t o m  m a y  b e c o m e  s o f t .  C l o s e  t h e  e n d  o f  
t h e  t i l e  w h e n e v e r  t h e  w o r k m e n  l e a v e  t h e  j o b ,  t o  p r e v e n t  d i r t  f r o m  
w a s h i n g  i n .  S e a l  t h e  u p p e r  e n d  o f  e a c h  c o m p l e t e d  l i n e  o f  t i l e  w i t h  
c o n c r e t e .  
B e g i n  l a y i n g  t i l e  a t  t h e  l o w e r  e n d ,  o r  o u t l e t ,  a n d  p r o c e e d  u p s t r e a m ,  
f o l l o w i n g  c l o s e l y  t h e  e x c a v a t i o n  o f  t h e  t r e n c h .  
I n  l a y i n g  t h e  t i l e ,  t u r n  e a c h  o n e  u n t i l  t h e  e n d s  f i t  c l o s e .  I f  a  t i l e  i s  
w a r p e d ,  c h i p p e d ,  o r  c r a c k e d ,  d i s c a r d  i t  a n d  u s e  i t  f o r  b a t s  o n  c u r v e s .  
J o i n t s  t h a t  h a v e  a n  o p e n i n g  o f  m o r e  t h a n  ~ i n c h  s h o u l d  b e  c o v e r e d  
w i t h  t a r  p a p e r ,  o r  p i e c e s  o f  b r o k e n  t i l e  c a l l e d  b a t s  ( F i g .  2 8 ) .  
W h e n  f i n e  s a n d  i s  e n c o u n t e r e d ,  t a r  p a p e r  o r  b u r l a p  s h o u l d  b e  
37 FAR~l DRAINAGE: ITs MAINTENANCE AND CONSTRUCTION 
Fig. 26.- Digging bottom of ditch and cleaning crumbs 
The ditch is dug practically to grade with a tiling spade (left); then 
with the tile scoop the crumbs are cleaned away (right) and a circular bed 
is formed for the tile. The tile are put in place as fast as the bottom of 
the ditch is brought to grade. 
Fig. 27.- Laying tile and blinding them 
The hook (left) is good for "laying small tile, but inexperienced tilers 
will get better joints by placing the tile by hand. Each ti le is turned until 
it fits snugly up to the next one. Spading a small amount of soil f rom the 
ides of the trench (right) is a common method of blinding tile. 
3 8  
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w r a p p e d  a r o u n d  t h e  j o i n t s  t o  p r e v e n t  t h e  s o i l  f r o m  w a s h i n g  i n t o  t h e  
t i l e .  I n  l a y i n g  t i l e  i n  q u i c k s a n d  t h e r e  i s  a l w a y s  d a n g e r  o f  t h e  t i l e  
s i n k i n g ,  s o  b o a r d s  a r e  o f t e n  u s e d  i n  t h e  b o t t o m  o f  t h e  t r e n c h .  W h e r e  
t h e  q u i c k s a n d  i s  b a d  i t  i s  w e l l  t o  h a v e  t h e  h e l p  o f  a  t i l e r  w h o  i s  e x ­
p e r i e n c e d  i n  t h i s  w o r k .  
F i g .  2 8 . - A l l  o p e n  s p a c e  b e t w e e n  t i l e  s h o u l d  b e  c o v e r e d  
P i e c e s  o f  b r o k e n  t i l e  a r e  u s u a l l y  t h e  m o s t  s a t i s f a c t o r y  m a t e r i a l  f o r  t h i s  
p u r p o s e .  
M a k e  j u n c t i o n s  w i t h  " Y ' s "  a n d  n o t  w i t h  " T ' s "  o r  e l b o w s .  T h e s e  
c a n  b e  p u r c h a s e d  f r o m  t h e  f a c t o r y  m o r e  e c o n o m i c a l l y  t h a n  a  j u n c t i o n  
c a n  b e  c o n s t r u c t e d  b y  c u t t i n g  a  h o l e  i n  o n e  t i l e  a n d  f i t t i n g  a n o t h e r  
i n t o  i t .  
B a c k f i l l  A s  T i l e  A r e  L a i d  
T h e  t r e n c h  s h o u l d  b e  b a c k f i l l e d  a s  s o o n  a s  t h e  t i l e  a r e  l a i d  a n d  
c h e c k e d .  T h i s  m a y  b e  d o n e  w i t h  a  t e a m  a n d  p l o w ,  a  s c r a p e r ,  b l a d e  
g r a d e r ,  o r  b y  a n o t h e r  m e t h o d  t h a t  c a n  b e  d e v i s e d ,  d e p e n d i n g  o n  w h a t  
e q u i p m e n t  i s  a v a i l a b l e .  
S h o v e l  T i l e  h o o k  D r a i n  s c o o p  
T i l e  s p a d e s  
F i g .  2 9 . - T i l e - d r a i n a g e  t o o l s  
T h e  s c o o p  i s  u s e d  t o  c l e a n  t h e  b o t t o m  o f  t h e  t r e n c h  w h e n  s m a l l  t i l e  a r e  
b e i n g  l a i d .  T h e  s h o v e l  i s  u s e d  w h e n  t h e  l a r g e r  t i l e  a r e  b e i n g  l a i d .  S k e l e t o n  
s p a d e s  a r e  a  h e l p  w h e n  t h e  s o i l  i s  s t i c k y .  
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SURFACE INLETS AND SAND TRAPS 
Surface intakes are seldom necessary in soils that drain readily 
or land that has a fair slope, but they are an important feature in 
tile systems where drainage is slow and the land is relatively fiat. The 
purpose of a surface inlet is to admit surface water directly into the 
tile line. Surface water, however, carries silt and sand which will 
be deposited in the line unless the surface inlet is provided with a 
basin to catch the sand and silt before it reaches the tile. An intake 
with a settling basin is shown in Fig. 30. The accumulation of silt 
and sand must be removed from the settling basin at regular intervals 
or the tile line may become filled with silt. 
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Fig. 30.-Tile inlet with a settling basin 
Where drainage is slow and the land relatively fiat, surface intakes are 
an important feature of the drainage system. In the above design the out­
let pipe has an elbow which is turned down inside the basin. This tends to 
prevent sand and silt from washing into the tile line when cleaning of the 
trap has been neglected. 
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A  s a n d  t r a p  s h o u l d  b e  c o n s t r u c t e d  a t  a l l  p o i n t s  w h e r e  t h e  g r a d e  
c h a n g e s  f r o m  s h a r p  t o  f l a t .  I n  a  t i l e  l i n e  w i t h  a  s h a r p  g r a d e ,  t h e  w a t e r  
h a s  a  h i g h  v e l o c i t y  a n d  g e n e r a l l y  c a r r i e s  a  q u a n t i t y  o f  s a n d  a n d  s i l t ,  
a n d  w h e n  i t  e n t e r s  t h e  l i n e  o n  t h e  f l a t  g r a d e  t h e  v e l o c i t y  i s  s l o w e d  a n d  
s o m e  o f  i t s  l o a d  o f  s a n d  a n d  s i l t  i s  d e p o s i t e d .  I t  i s  m u c h  e a s i e r  t o  c l e a n  
o u t  a  s a n d  t r a p  t h a n  a  t i l e  l i n e .  
G R O U N D  S U R F A C E  
F i g .  3 1 . - A  b l i n d  i n l e t  f o r  u s e  w h e r e  v o l u m e  o f  s u r f a c e  
w a t e r  i s  l a r g e  o r  p e r c o l a t i o n  s l o w  
A  s e c t i o n  o f  t h e  t r e n c h  i s  f i l l e d  w i t h  b r o k e n  b r i c k  o r  t i l e  o r  g r a v e l  t o  
w i t h i n  1 2  o r  1 8  i n c h e s  o f  t h e  t o p ,  t h e n  t h e  r e s t  o f  t h e  t r e n c h  i s  f i l l e d  w i t h  
t o p s o i l .  I n l e t s  o f  t h i s  t y p e  c a n  b e  w o r k e d  o v e r  i n  f a r m i n g  o p e r a t i o n s .  T h e y  
b e c o m e  c l o g g e d ,  h o w e v e r ,  a n d  m u s t  b e  c l e a n e d  a t  i n t e r v a l s ,  t h e  b r o k e n  t i l e  
o r  s t o n e  b e i n g  t a k e n  o u t  a n d  r e p l a c e d .  T h e  f r e q u e n c y  o f  c l e a n i n g  w i l l  d e ­
p e n d  o n  t h e  r a t e  o f  f i l l i n g .  
I f  o n l y  a  s m a l l  a m o u n t  o f  s u r f a c e  w a t e r  i s  t o  b e  d i s p o s e d  o f ,  
o r  i f  t h e  s o i l  i s  " t i g h t "  a n d  p e r c o l a t i o n  t h r u  t h e  g r o u n d  t o  t h e  t i l e  i s  
n a t u r a l l y  s l o w ,  a  s a t i s f a c t o r y  i n l e t  c a n  b e .  m a d e  b y  f i l l i n g  a  s e c t i o n  o f  
t h e  t r e n c h  w i t h  b r o k e n  b r i c k  o r  t i l e  o r  g r a v e l ,  a s  s h o w n  a b o v e .  
M A P S  A N D  R E C O R D S  
A c c u r a t e  m a p s ,  p l a n s ,  a n d  p r o f i l e s  o f  a  f a r m  d r a i n a g e  s y s t e m  
s h o u l d  b e  f i l e d  w i t h  t h e  d e e d  t o  t h e  f a r m .  T h e  b e s t  t i m e  t o  
s e c u r e  a  g o o d  p l a t  i s  w h e n  t h e  s y s t e m  i s  b e i n g  i n s t a l l e d .  I f  a n  
e n g i n e e r  i s  r e t a i n e d ,  r e q u i r e  h i m  t o  f u r n i s h  o n e ,  t o g e t h e r  w i t h  
n o t e s  o n  t h e  l o c a t i o n  a n d  d e p t h  o f  t h e  t i l e  l i n e s .  
T h e  v a l u e  o f  t h i s  i n f o r m a t i o n  w i l l  b e  r e a l i z e d  w h e n  a  d r a i n  
i s  t o  b e  e x t e n d e d  o r  r e p a i r e d .  A  t i l e  l i n e  t h a t  i s  w o r k i n g  i s  
c o m p a r a t i v e l y  e a s y  t o  l o c a t e  a s  t h e  g r o u n d  d r i e s  a f t e r  a  r a i n ,  
b u t  i t  i s  w h e n  i t  i s  n o t  w o r k i n g  a n d  r e p a i r s  m u s t  b e  m a d e  t h a t  
i t  i s  d i f f i c u l t  t o  l o c a t e  i f  t h e r e  i s  n o  p l a t  o n  f i l e .  
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